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ABSTRACT 

93i-30 
Composite r e f r a c t o r y  m a t e r i a l s  f o r  use  a s  h i g h  t empera tu re  

the rma l  i n s u l a t i o n  a r e  be ing  developed and e v a l u a t e d .  The 

mechanism under i n v e s t i g a t i o n  i s  t h e  a t t e n u a t i o n  of t h e  r a d i a -  

t i o n  component of thermal  c o n d u c t i v i t y  by t h e  i n c o r p o r a t i o n  of 

r a d i a t i o n  b a r r i e r  phases  i n t o  a foamed ceramic m a t r i x .  

Specimens con ta in ing  m e t a l l i c  t u n g s t e n  or molybdenum 

the rma l  r a d i a t i o n  b a r r i e r  phases  have been  shown t o  be s u p e r i o r  

t he rma l  i n s u l a t o r s  compared w i t h  unimpregnated ceramic foams. 

Thermal c o n d u c t i v i t y  c a l c u l a t i o n s  i n  a 3/8" l ong  gauge s e c t i o n ,  

1/8" from t h e  h e a t  source do not  r e f l e c t  t h i s  l o w e r  v a l u e .  A 

m u l t i p l e  gauge s e c t i o n  t echn ique  i n  which f o u r  gauge s e c t i o n s  each  

1/8" long ,  ex tend ing  from t h e  h o t  f a c e  of t h e  specimen t o  a 

r e g i o n  1/2" removed has  been  developed.  P r e l i m i n a r y  measurements 

employing t h i s  technique  i n d i c a t e  t h a t  t h e  r a d i a t i o n  component 

is  a t t e n u a t e d  p r i m a r i l y  i n  a s k i n  r e g i o n  of p robab ly  less than  

P. S. kessinger v - - &/Mpp&m&- 3 ' 

D r  . "E. I. kyshkewi tch  
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( 1) I NTRODUCTI ON 

Th i s  i s  t h e  f i r s t  q u a r t e r l y  report of C o n t r a c t  NASw-884 

on t h e  s u b j e c t ,  "Research on  Low Dens i ty  Thermal I n s u l a t i o n  

M a t e r i a l s  f o r  U s e  above 3000°F". Th i s  program i s  a con t inua -  

t i o n  of work performed on Cont rac t  NASr-99 which w a s  conducted 

fo r  seven q u a r t e r s  from A p r i l ,  1962, through December, 1963. 

1.1 Purpose of t h e  P r o q r a m  

Low-density foamed ceramic t h e r m a l  i n s u l a t i o n  r a p i d l y  l o s e s  

e f f i c i e n c y  above 2400°F due t o  t h e  t r a n s f e r  of h e a t  through t h e  

po res  by thermal  r a d i a t i o n .  The purpose of t h i s  program i s  t o  

s t u d y  the r e d u c t i o n  of t h i s  r a d i a t i o n  or photon c o n t r i b u t i o n  t o  

t h e  the rma l  c o n d u c t i v i t y  b y  t h e  i n c o r p o r a t i o n  of a thermal  r a d i a -  

t i o n  barr ier  phase i n t o  a low-density r e f r a c t o r y  s t r u c t u r e .  

Mechanisms such as abso rp t ion  and r e - r a d i a t i o n  b y  imbedded 

p a r t i c l e s ,  s c a t t e r i n g  b y  incorpora ted  phases  and r e f l e c t i o n  by 

metall ic f o i l  r a d i a t i o n  b a r r i e r s  a r e  b e i n g  i n v e s t i g a t e d  and 

e v a l u a t e d .  

1 . 2  Phases of t h e  P r o q r a m  

The g o a l s  of t h i s  program are b e i n g  achieved  through t h e  

p u r s u i t  of t h e  three phases d e s c r i b e d  b r i e f l y  b e l o w  w i t h  d e t a i l s  

of t h e  p r o g r e s s  made during t h i s  q u a r t e r  d i s c u s s e d  i n  S e c t i o n  11. 
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Phase - T e c h n i c a l  Review 

Review of p rev ious  high t empera tu re  h e a t  t r a n s f e r  work, 

e s s e n t i a l l y  completed dur ing  t h e  f i r s t  q u a r t e r  , has been  

c o n t i n u e d  a t  a s u f f i c i e n t  l e v e l  of e f f o r t  t o  keep abreast of 

t h e  r a p i d l y  changing technology.  

Phase - M a t e r i a l s  Formula t ion  

The major e f f o r t  of t h e  program i s  concerned w i t h  t h e  

f a b r i c a t i o n  of low-density,  low the rma l  c o n d u c t i v i t y  mater ia l s .  

Light weight pure o x i d e  ceramic matrices have been developed and 

impregnated w i t h  v a r i o u s  volume p e r c e n t a g e s  of p o t e n t i a l  r a d i a -  

t i o n  s h i e l d i n g  phases  in t roduced  by  a v a r i e t y  of t e c h n i q u e s .  

Specimens of ceramic oxides whose t h e r m a l  conductivity have 

been  p r e v i o u s l y  r e p o r t e d  have a l s o  been  p repa red  f o r  c a l i b r a t i o n  

and equipment checkout  purposes .  

Phase III - Experimental  Measurements 

E v a l u a t i o n  of t h e  thermal  r a d i a t i o n  b a r r i e r  concep t  i s  b e i n g  

conducted i n  t h i s  phase  of t h e  program. A h igh  t empera tu re  t h e r m a l  

c o n d u c t i v i t y  t e s t  c e l l ,  capab le  of m a i n t a i n i n g  under s t e a d y  con- 

d i t i o n s ,  specimen h o t  face t e m p e r a t u r e s  of 4500°F and above has  been  ~ 

f a b r i c a t e d  and cal ibrated.  Measurement of t h e  a p p a r e n t  t o t a l  ~ 

c o n d u c t i v i t y  of t h e  ce ramic  foam composi te  t e s t  samples i s  i n  i 
p r o g r e s s ,  I 

1 
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( 2  ) DISCUSSION 

2 . 1  Phase I - Techn ica l  R e v i e w  

T h e  "Symposium on t h e  Thermal R a d i a t i o n  of So l ids"  w a s  

a t t e n d e d  i n  San F r a n c i s c o  March 3 t o  6,  1964. Many f i n e  papers 

on t h e  e m i t t a n c e  characteristics of ceramics  and p u r e  oxide  

materials w e r e  reviewed and d i s c u s s e d ,  O f  p a r t i c u l a r  i n t e r e s t  

w a s  a paper by  P r o f .  E. M. Sparrow of t h e  U n i v e r s i t y  of Minnesota 

concern ing  t h e  r a d i a t i o n  p r o p e r t i e s  of c a v i t i e s .  (1) I n  sub- 

sequen t  communication w i t h  P r o f .  Sparrow s o m e  data  from a computer 

t echn ique  developed by him and applied t o  a set of e x p e r i m e n t a l  

c o n d i t i o n s  s i m i l a r  t o  those  encountered  i n  t h e  p r e s e n t  experi- 

mental apparatus were rece ived .  (*) P r o f .  Sparrow has shown 

t h a t  f o r  t h e  f o l l o w i n g  cond i t ions :  

Su r face  e m i t t a n c e  = 0.7 

L/R = 10 

T1/To = 1.15 

where: 

T1 = t empera tu re  a t  t h e  base of t h e  c a v i t y  

To = t empera tu re  a t  t h e  opening of t h e  c a v i t y  

L = l e n g t h  of t h e  c a v i t y  

R = t h e  r a d i u s  of t h e  c a v i t y  

( * )  P r i v a t e  communication 
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A change i n  t h e  c h a r a c t e r i s t i c s  of z i r c o n i a  i n  a new b a t c h  

For t h e s e  c o n d i t i o n s  t h e  appa ren t  emitt .ance a t  t h e  base  

of t h e  c a v i t y  is computed t o  be e q u a l  t o  0.986. Applying t h e s e  

c o n d i t i o n s  t o  t h e  p r e s e n t  expe r imen ta l  a p p a r a t u s  and assuming 

a 4 0 0 0 O ~  temperature i n  t h e  bottom of a s i g h t  h o l e ,  one f i n d s  

these c o n d i t i o n s  co inc ide  w i t h  a 1200°F per i n c h  tempera ture  

g r a d i e n t ,  a c o n d i t i o n  approaching t h o s e  found i n  many thermal  

c o n d u c t i v i t y  measurement runs .  

t h e  assumption t h a t  b l ack  body c o n d i t i o n s  a r e  c l o s e l y  approxi -  

mated i n  t h e  s i g h t  ho les  of t h e  expe r imen ta l  a p p a r a t u s .  

2 .2  Phase II - M a t e r i a l s  Formulat ions 

T h i s  computat ion a g a i n  s u p p o r t s  

, 

2.2.1 Metallic Tungsten Systems 

The promising r e s u l t s  r e p o r t e d  d u r i n g  t h e  l a s t  q u a r t e r  on 

specimens c o n t a i n i n g  m e t a l l i c  r a d i a t i o n  r e f l e c t i n g  s u r f a c e s  

prompted cont inued  i n v e s t i g a t i o n  i n t o  t h i s  composite system. 

Specimens c o n t a i n i n g  t u n g s t e n  f l a k e  w e r e  e v a l u a t e d  i n  t h e  

fo l lowing  runs:  

Run No .  % by  Weight % b y  Volume 

3 4  - 35 3 0% 1.9 

4 5  2 5% 1.5 

5 0  2 0% 1.0 

-- 
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changes i n c l u d i n g  a s i g n i f i c a n t  change i n  p H  i n  o r d e r  t o  deve lop  

specimens of s i m i l a r  s t ruc tu re  and d e n s i t y  t o  t h o s e  p r e v i o u s l y  

o b t a i n e d .  U n f o r t u n a t e l y ,  t h e s e  changes a l s o  produced specimens 

of l u w e r  s t r e n g t h  and lower t h e r m a l  shock r e s i s t a n c e .  For t h i s  

r e a s o n  s e v e r a l  of t h e  thermal  c o n d u c t i v i t y  measurements a r e  

q u e s t i o n a b l e  because  of s t r u c t u r a l  f a i l u r e  of t h e  specimens 

d u r i n g  measurement. I n  a d d i t i o n ,  scatter i n  t h e  d a t a  and c e r t a i n  

o t h e r  d i s c r e p a n c i e s  which w i l l  be d i s c u s s e d  i n  S e c t i o n  2.3 - 2  have 

n e c e s s i t a t e d  a specimen geometry change which does n o t  a l l o w  

r eady  comparison between c u r r e n t  and ear l ier  t h e r m a l  measurements.  

Tungsten coated hollow z i r c o n i a  s p h e r e s ,  d e s c r i b e d  i n  t h e  

p r e v i o u s  q u a r t e r l y  r e p o r t  ( 2 )  w e r e  e v a l u a t e d  i n  runs  40, 41, 42,  

43 and 49. M o s t  of t h e  comments mentioned conce rn ing  t h e  t u n g s t e n  

f l a k e  specimens a l s o  app ly  t o  t h e s e  c o a t e d  s p h e r e  specimens.  

These d a t a  are a l so  d i s c u s s e d  i n  S e c t i o n  2.3.2. 

2 .2 .2  Molybdate Sys tems 

Two specimens c o n t a i n i n g  molybdenum m e t a l  d e p o s i t e d  from 

t h e  decomposi t ion of ammonium molybdate s o l u t i o n  w e r e  measured 

i n  runs  33 and 46. The matr ix  of t h e  specimen i n  run  33 w a s  a 

commercial bubbled  alumina material w i t h  a r e l a t i v e l y  large pore 

s t r u c t u r e  (ove r  1000 microns) and y i e l d e d  e r r a t i c  r e s u l t s .  The 

specimen of r u n  46 was a typ ica l  z i r c o n i a  Z r 2 8  type matrix.  
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2 -2.3 Molybdenum D i s i l i c i d e  

C o m p a t i b i l i t y  tests of molybdenum d i s i l i c i d e  w i t h  z i rconium 

d i o x i d e  w e r e  r u n  i n  a n  o x i d i z i n g  atmosphere t o  above t h e  maximum 

recommended use  t empera tu re  fo r  molybdenum d i s i l i c i d e .  These 

tests i n d i c a t e  r easonab le  c o m p a t i b i l i t y  between t h e  two materials 

and t h e r e f o r e  z i r c o n i a  foams c o n t a i n i n g  molybdenum d i s i l i c i d e  are 

b e i n g  f a b r i c a t e d .  

2.3 Exper imen ta l  Measurements 

2.3.1 Thermal T r a n s f e r  Cell M o d i f i c a t i o n s  

The g r a p h i t e  h a i r p i n  h e a t e r  w a s  changed d u r i n g  t h i s  q u a r t e r  

after a campaigp of 29 excursions t o  t e m p e r a t u r e s  of over  4000°F. 

F i g u r e  I is a photograph comparing t h e  used  g r a p h i t e  h a i r p i n  

heater w i t h  t h e  new one i n s t a l l e d  d u r i n g  t h i s  q u a r t e r .  It should  

be stressed t h a t  t h e  old h e a t e r  w a s  s t i l l  operable and w a s  re- 

placed o n l y  because  t h e  s l i g h t  necking  down o r  decrease i n  cross- 

s e c t i o n a l  area i n  t h e  h o t t e s t  zone a p p a r e n t  i n  t h e  photograph 

s u g g e s t e d  a d e v i a t i o n  from t h e  i d e a l  r ad ia l  heat  f low c o n d i t i o n s  

assumed i n  t h e  the rma l  c o n d u c t i v i t y  measurements. An i n c r e a s e  

i n  t h e  c u r r e n t  drawn b y  t h e  new h e a t e r  a t  any g i v e n  v o l t a g e  

( a b o u t  10%) w a s  observed.  

The d i sc repancy  i n  thermal  c o n d u c t i v i t y  measurements made 

i n  t h e  1/8" t h i c k  gauge s e c t i o n  a d j a c e n t  t o  t h e  h o t  face compared 

w i t h  t h a t  3/8" t h i c k  gauge s e c t i o n  w e l l  w i t h i n  t h e  specimen w a s  
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d i s c u s s e d  i n  t h e  p r e v i o u s  q u a r t e r l y  report .  ( 2 )  For  t h i s  

r e a s o n  specimens f r o m  r u n  44 and onward w e r e  machined w i t h  f o u r  

gauge s e c t i o n s  on each  s i d e ,  each  of a 1/8" gauge l e n g t h .  T h i s  

c o n f i g u r a t i o n  i s  shown i n  t h e  s k e t c h  of F igu re  11. I n  o r d e r  t o  

minimize t h e  e f f e c t  of va ry ing  po re  s i z e  i n  these porous ce ramic  

foams on t h e  t empera tu re  d i s t r i b u t i o n  w i t h i n  t h e  samples, a 

t echn ique  of s i g h t  h o l e  inserts w a s  developed.  G r a p h i t e  i n s e r t s  

1/8" d i a .  by 0.020" t h i c k  w e r e  machined and p l a c e d  f i r m l y  i n  

t h e  bottoms of s i g h t  ho les .  Temperature m e a s u r e m e  made on 

t h e s e  g r a p h i t e  i n s e r t s  w e r e  r e p r o d u c i b l e  t o  a f a r  better ex ten t  

t h a n  t h o s e  on a porous foam s u r f a c e .  Although t h e  a p p a r e n t  

temperature of a s i g h t  hole  is d e c r e a s e d  because  of t h e  added 

i n t e r f a c e  between specimen and g r a p h i t e  and because  of t h e  

f i n i t e  t h i c k n e s s  of t h e  g r a p h i t e ,  t h e  d e l t a  T between any se t  

of h o l e s  remains v i r t u a l l y  unchanged. A s imi l a r  t echn ique  w a s  

t r i e d  u s i n g  c i r c u l a r  i n s e r t s  of molybdenum m e t a l  of t h i c k n e s s  

0.010". T h i s  t echn ique  y i e lded  r e s u l t s  s imi la r  t o  t h a t  of t h e  

g r a p h i t e  i n s e r t s  b u t  f a b r i c a t i o n  and mechanical  placement  of 

t h e s e  molybdenum i n s e r t s  w a s  more d i f f i c u l t  . 
I n  r ev iewing  t h e  decrease  i n  c r o s s - s e c t i o n a l  a r e a  of t h e  

h a i r p i n  h e a t e r  removed dur ing  t h i s  q u a r t e r  it w a s  dec ided  t h a t  

a moni tor ing  of t h e  un i fo rmi ty  of t h e  t empera tu re  d i s t r i b u t i o n  
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w i t h i n  t h e  specimen w a s  necessary  t o  avo id  f a u l t y  r e a d i n g s  due 

t o  inhomogenie t ies  i n  a s p e c i m e n .  Measurement of t h e  t empera tu re  

of t h e  h e a t e r  a l o n g  s e v e r a l  widely s e p a r a t e d  p o i n t s  w a s  c o n s i d e r e d  

advantageous.  S i n c e  t h e  measurements made i n  r u n s  44 through 50 

L L J L L L Z L L A A L L ~  ---+ ; - inn +-ha -LA- rnllltiple ...---- 1/8" gauge s e c t i o n s  on e a c h  s i d e  i n d i c a t e d  

no d i f f e r e n c e s  between t h e  t w o  s i d e s ,  t h e  p o l i c y  w a s  adopted of 

measuring t h e  f o u r  gauge s e c t i o n s  on one s i d e  of t h e  specimen 

w h i l e  mon i to r ing  t h e  h e a t e r  tempera ture  over  t h e  maximum d i s t a n c e  

v i s i b l e  from t h e  opposite s i g h t  port .  T h i s  t e c h n i q u e  allows t h e  

h o l e  i n  t h e  gauge s e c t i o n  s i d e  p r e v i o u s l y  d r i l l e d  through t o  t h e  

h e a t e r  t o  be f i l l e d  w i t h  a similar g r a p h i t e  i n s e r t  so t h a t  t h e  

specimen h o t  f a c e  t empera tu re  r a t h e r  t h a n  t h e  h e a t e r  t empera tu re  

may be approximated.  Data p l o t t e d  i n  t h i s  manner i n  run  50 

i n d i c a t e  t h e  advantage  of t h i s  t echn ique .  
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2.3.2 C o n d u c t i v i t y  Measurements 

Selected the rma l  c o n d u c t i v i t y  da t a  o b t a i n e d  d u r i n g  t h i s  

q u a r t e r  are shown i n  F igures  3 - 6. F i g u r e  3 i s  a p lo t  of t h e r m a l  

c o n d u c t i v i t y  v s .  temperature  f o r  run  N o .  46. The specimen i s  

&---e LyrG V r 3  uL&8 v - i y p f i n { x  foam impregnated w i t h  molybdenum m e t a l  by  a 

s o l u t i o n  m e t a l l i z i n g  technique  p r e v i o u s l y  d e s c r i b e d .  The added 

phase  of molybdenum m e t a l  was measured a t  11% b y  weight  a f t e r  

s i n t e r i n g  t h e  specimen i n  hydrogen t o  340O0F. The d a t a  p o i n t s  

of F i g u r e  3 i n d i c a t e  a g e n e r a l l y  lower the rma l  c o n d u c t i v i t y  i n  

t h e  h o t t e s t  s e c t i o n s  of t he  specimen, t h a t  i s ,  i n  t h e  gauge 

sections closest to the hot face. It is  a p p a r e n t  t h a t  t h e  added 

molybdenum phase  has  l i t t l e  e f f e c t  on t h e r m a l  c o n d u c t i v i t y  as 

measured i n  areas removed f r o m  t h e  h e a t  s o u r c e .  A t t e n u a t i o n  

of t h e  r a d i a t i o n  component of the rma l  c o n d u c t i v i t y  appears t o  

be c o n c e n t r a t e d  i n  t h o s e  a r e a s  immediately a d j a c e n t  t o  t h e  h o t  

f a c e  of t h e  specimen. V e r i f i c a t i o n  of t h i s  o b s e r v a t i o n  i s  r e q u i r e d .  

The d a t a  p o i n t s  of F igure  4 are  f o r  r u n  N o .  47,  i n  which 

t h e  specimen w a s  a p l a i n  Z r 2 8  t y p e  z i r c o n i a  foam having  a d e n s i t y  

of 0.82 g/cc. A smooth j o i n i n g  of d a t a  p o i n t s  is a p p a r e n t  from 

t h e  gauge s e c t i o n s  removed from t h e  h o t  face, t h a t  i s ,  gauge 

s e c t i o n s  2,  3 and 4.  D a t a  p o i n t s  from gauge s e c t i o n  1 are 

s i g n i f i c a n t l y  lower due p r i m a r i l y  t o  t h e  measurement of t h e  
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h e a t e r  t empera tu re  r a t h e r  t h a n  t h e  specimen h o t  face t empera tu re .  

The p o i n t s  from gauge s e c t i o n s  2,  3 and 4 agree w e l l  w i t h  t h e  

ave rage  of t h e  many p o i n t s  o b t a i n e d  i n  3/8" gauge s e c t i o n  

measurements on s i m i l a r  m a t e r i a l s  i n  earl ier r u n s  and r e p o r t e d  

i n  F i g u r e  4 of t h e  previous q u a r t e r l y  r e p o r t .  

s l i g h t l y  h i g h e r  i n  t h e  high t empera tu re  r ange ,  however, t h e  

specimen w a s  s l i g h t l y  more dense  t h a n  t h e  ave rage  of Z r 2 8  t y p e  

foams p r e v i o u s l y  measured. 

Run 4 7  p o i n t s  a re  

F igu re  5 i s  a p lo t  of t h e r m a l  c o n d u c t i v i t y  d a t a  f o r  a 

specimen of Zr28  t y p e  foam of d e n s i t y  0.64 g/cc, b u t  c o n t a i n i n g  

11 p e r c e n t  by we igh t  of t u n g s t e n  c o a t e d  hol low z i r c o n i a  s p h e r e s .  

These spheres, coated w i t h  t u n g s t e n  i n  a f l u i d i z e d  bed p r i o r  t o  

i n c o r p o r a t i o n  i n t o  t h e  z i r c o n i a  foam, e x h i b i t e d  a 15 p e r c e n t  b y  

we igh t  p ickup of t u n g s t e n  metal. T h i s  co r re sponds  t o  less t h a n  

2 p e r c e n t  by  weight  t ungs t en  based  on t h e  completed composite 

specimen and i s  e q u i v a l e n t  t o  less t h a n  0.1 p e r c e n t  by  volume 

of t h e  specimen. The d a t a  p o i n t s  i n d i c a t e  t h a t  t h i s  amount of  

added t u n g s t e n  h a s  l i t t l e  s i g n i f i c a n t  e f f e c t  upon t h e  t h e r m a l  

c o n d u c t i v i t y  of t h e  composite.  Again,  t h e  d a t a  p o i n t s  from 

gauge s e c t i o n  1 are l o w  due t o  t h e  measurement of t h e  h e a t e r  

t empera tu re .  

F i g u r e  6 is  a p l o t  of t he rma l  c o n d u c t i v i t y  v s .  t empera tu re  

f o r  run  N o .  50. The specimen i n  t h i s  c a s e  was z i r c o n i a  foam, 

t y p e  Z r 2 8  w i t h  a 19 w e i g h t  p e r c e n t  a d d i t i o n  of t u n g s t e n  metal .  
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The composite specimen had a d e n s i t y  of 0.56 g/cc. Th i s  s p e c i -  

men w a s  prepared from a new l o t  of z i r c o n i a  raw material and 

e x h i b i t e d  s t r u c t u r a l  weakness and low d e n s i t y ,  caus ing  an  

abnormal amount of t h e r m a l  shock f a i l u r e  d u r i n g  t h e  measurement 

procedure ,  Conduc t iv i ty  da t a  are t h e r e f o r e  abnormally h igh .  

They are inc luded ,  however, because  i n  t h i s  run  t h e  t echn ique  of 

g r a p h i t e  i n s e r t s  i n  t h e  bottoms of s i g h t  h o l e s  w a s  extended t o  t h e  

through h o l e ,  as shown i n  F igure  2 .  This  t echn ique  allows a n  

e s t i m a t i o n  of t h e  specimen h o t  f a c e  t empera tu re  r a t h e r  t h a n  

measuring o n l y  t h e  h e a t e r  tempera ture .  The d a t a  p o i n t s  of F igure  

6 indicate a r easonab ly  smooth j o i n i n g  of data p o i n t s  from a l l  

f o u r  of t h e  gauge s e c t i o n s  d e s c r i b e d .  Th i s  p rocedure  w i l l  be 

c o n s i d e r e d  s t a n d a r d  and d u p l i c a t e d  i n  a l l  subsequent  runs ,  in -  

c l u d i n g  a remeasurement of dense  z i r c o n i a  " s t anda rds"  ob ta ined  

i n  a c o o p e r a t i v e  measurement program w i t h  t h e  Southern  Research I n -  

s t i t u t e .  

A n a l y t i c a l  data obta ined  on t h e  specimen of run  50 i n d i c a t e  

t h e  pr imary phases  present by x-ray d i f r a c t i o n  are s t a b i l i z e d  

c u b i c  z i r c o n i a  and metallic t u n g s t e n  w i t h  only  minor t r a c e s  of 

t h e  u n s t a b i l i z e d  monoclinic z i r c o n i a .  Comparison w i t h  t h e  h o t  

face and c o l d  face s u r f a c e s  of t h e  composite specimen a f t e r  

measurement shows traces of t u n g s t e n  c a r b i d e  on ly  a t  t h e  cold 

f a c e  s u i f a c e ,  Ana lys i s  of f o u r  d i f f e r e n t  specimens c o n t a i n i n g  
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t u n g s t e n  and t w o  w i t h  molybdenum have shown t h a t  carbide forma- 

t i o n  a t  t h e  h o t  f a c e  i s  n o t  encountered  w i t h  e i t h e r  t h e  added 

m e t a l  o r  from t h e  z i rconium oxide.  

B 
I 
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( 3 CONCLUS IONS 

E f f o r t s  d u r i n g  t h i s  q u a r t e r  have i n d i c a t e d  t h e  fo l lowing:  

(1)  Composite specimens con ta in ing  m e t a l l i c  thermal  r a d i a t i o n  

barrier phases  i n  a z i r c o n i a  foam m a t r i x  a r e  stable t o  tempera- 

t u r e s  as h igh  as 260OoC i n  an atmosphere of purg ing  argon.  N o  

r e a c t i o n  i s  e v i d e n t  between t h e  t u n g s t e n  or molybdenum and t h e  

z i r c o n i a  nor  between t h e  g r a p h i t e  h e a t e r  and either of these 

components . 
(2) A modif ied thermal  c o n d u c t i v i t y  measurement t echn ique  employ- 

i n g  f o u r  gage s e c t i o n s ,  e a c h  0.125" long  extended f r o m  t h e  hot  

f a c e  of the specimen through a 4'' dep th  normal t o  t h e  h e a t  f low 

has  been developed. A technique of employing t h i n  g r a p h i t e  

i n s e r t s  i n  specimen s i g h t  ho les  t o  e s t a b l i s h  uniform i so the rms  

i n  a porous foam specimen has been  e v a l u a t e d  and found u s e f u l  

i n  d imin i sh ing  scatter i n  measured data p o i n t s .  

( 3 )  There i s  s u b s t a n t i a l  evidence t h a t  added metallic t h e r m a l  

r a d i a t i o n  barrier phases  e f f e c t i v e l y  a t t e n u a t e  h igh  t empera tu re  

the rma l  c o n d u c t i v i t y .  Measurements i n  gauge s e c t i o n s  removed 

f r o m  t h e  sp,ecimen h o t  f a c e  i n d i c a t e  l i t t l e  e f f e c t  a t  d i s t a n c e s  

greater t h a n  0.250". The a t t e n u a t i o n  of t h e  r a d i a t i o n  component 

of thermal  c o n d u c t i v i t y  appears t o  be concen t r a t ed  i n  a s k i n  

d e p t h  s e c t i o n  less t h a n  0.250" from t h e  h o t  f ace .  The magnitude 

and  d e p t h  of t h i s  phenomena is y e t  t o  be eva lua ted .  
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(4) PROGRAM FOR NEXT QUARTER 

F a b r i c a t i o n  and t e s t i n g  of z i r c o n i a  foam samples c o n t a i n i n g  

v a r i o u s  the rma l  r a d i a t i o n  barrier phases  w i l l  c o n t i n u e .  

w i l l  be c e n t e r e d  upon specimens c o n t a i n i n g  t u n g s t e n  f l a k e  and 

p a r t i c u l a t e  molybdenum particles by s o l u t i o n  m e t a l l i z i n g  techniquc 

Specimens c o n t a i n i n g  molybdenum d i s i l i c i d e  w i l l  a l s o  be e v a l u a t e d  

A r e c a l i b r a t i o n  of t h e  thermal  c o n d u c t i v i t y  a p p a r a t u s  w i l l  be 

Emphasis 

made us ing  a "s tandard" of dense z i r c o n i a  p r e v i o u s l y  measured on 

equipment a t  t h e  Southern Research I n s t i t u t e ,  I n  t h i s  manner t h e  

m u l t i p l e  gauge s e c t i o n  t echn ique  may be d i r e c t l y  compared w i t h  

o t h e r  t e c h n i q u e s  developed i n  o t h e r  laboratories. 

Efforts w i l l  be made t o  de termine  t h e  e x t e n t  and l o c a t i o n  of 

t h e  a t t e n u a t i o n  of t h e  r a d i a t i o n  component of t h e r m a l  c o n d u c t i v i t !  

i n  t h e  s k i n  areas a d j a c e n t  t o  t h e  hot  f a c e  of ceramic foam c o m -  

p o s i t e  materials. 
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